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Abstract of WO03032407 

A semiconductor light emitting element 
comprising a combination of a near ultraviolet 
LED and a fluorescent substance layer 
containing a plurality of fluorescent substances 
that absorb near ultraviolet ray emitted by this 
near ultraviolet LED to emit fluorescence having 
a light emitting peak in a visible wavelength 
region, the fluorescent substance layer 
containing four kinds of fluorescent substances, a 
blue fluorescent substance, a green fluorescent 
substance, a green fluorescent substance and a 
yellow fluorescent substance. Accordingly, the 
semiconductor light emitting element makes up 
for lowering in light flux due to red-based light 
emission low in luminous efficacy by means of 
yellow-based light emission comparatively high in 
luminous efficacy, provides white-based light 
excellent in terms of color balance, and emits 
high-light-flux, high-Ra white-based light. 
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"3«H 



?lt44 

£ 4^4 e4*l4 444°l.2.£.(ol*. e4*l A dLEDs 7i#t)^ 4421 ^^xfls a^-A|^ ajj^Tfl ^ £s).i=. mv 

44±4 ^ 444*H 44 3°) 4. 



f'Bfl, 350nm* 410nm «142l £4*14 44°3eH 44*131- 4fe £4*1 ^LED(<3 °i*Wl$= e4*14L 

ED3)4. °1 £42)4LED7}- tsy^ ^4^1 4 44 i-444 380nm *W 780nm o]*^ 7H44 iflofl 

4^ ^44 44*r 44^1 a^fe *§4*ii# a^i^ ^4 ^t\^ #s.Hi 

44^44 433 &4. ^M^^l* 01 -g^ ^7] #51*11 44£4*r. o]-g-*fe 44^ 

4iL4 m?^ ^«fEl, «ei <>1*€4. 

4 «34M«Wfc. CIEd|51JE<HM*l tt#4£4(x. y)ol 0.21<x^0.48, 0.19< y< 0.452) t)H g£ ^ ajJAji 

°l*r 44 451 *fl 44^43*1^-, 41* "a^-TflJg 11-24685731 "Wfl 2000-1834083 *Ji, °=}4S. 2 
000-5099125. ° e 47ll 2001-1438692 *i f-°)] 7lMS|fc 451*11 44±44 433 44. 

H471H 11-2468572 ^>£°11^, °J 44 (La j_ x _ y Eu x Sm y ) 2 0 2 S(4, 0.01 <: x< 0.15, 0.0001 £ y£ 0.03)3 
&a|s1^ Aj.^.^.^.^( lanthanum oxysu |fide) *§4*ll# 3^4*1)3 4a, ^4447)1 44§-451*)l3 -?^4 44 
#4 4*1 °1. 44 370nm 4^*1 44 44^r e42)4LED4 2^4*1 o^o^fe. ££*q 44£47> 71^51534. 
5. 11-2468572. WHAife, a o v 7 | aj^^s)., cfs 34. 44*§4*fl4 43 £44 ? J.°-34, ojajsi 

4451* 444* 4251*1) 44 71 $01 711 AlS)^^ 

°J#7ll 2000-1834082. 4iA<Hl^r, ^444 31 444451S)|3 434 44*)l-» 7^H, 370nm 
4rr 4*14 44 44fe 444 LED34, 44 7fS)Ai £^*H 3444 a^j.^ $4|$4*||# £ilt\^ 4 
1 34*fl#4, 4?1 3444 4444 444(yellow/orange)4-§- «4*Hr 444^444 £44£ 4 2 344 
44 444^ 451 4 44^44 7)4444. a 343443^, 444 (i)~(3) f>44 444£ qqs. 1 f.o S 

«>l*«H^fe ^^^^7V ol-g-^cf. 

(1) ^^(Ml. Eu) 10 (PO 4 ) 6 CI 2 (4 Ml* Mg. Ca, Sr ^ BaS 0 )]^ Aj^sl^ i}^2) ^J±» u}El-^ 
) S Aj^aj o.s. x^lSl^ 271-21 -8-3.-1- ^3. •y-tV'g (europium-activated halophosphate) *§#*fl. 

(2) ^**1 a(M2, Eu)0- bAl 2 0 3 (4 ^, M2^ Mg, Ca, Sr, Ba, Zn, Li, Rb ^ Cs?<HH 44^ 

4 EH 4 a?!bu a>0. b>0, 0.2<a/b < 1.5* 4^^?l^r ^rfil 5t)3 -££$±3- £A]sl^ 271-21 -fr3f- ^- 

(3) °J4^ a(M2, Eu v , Mn w )0- bAl 2 0 3 (^ ^, M2fe Mg, Ca, Sr, Ba, Zn, Li, Rb ^ Cs?°il4 ^^5)^ 

£ S>M-2) ^Jil- 44»fl« I l, a, b, v ^ wfe a>0, b>0, 0.2^ a/b^ 1.5, 0.001< w/v^ 0.6-fi- 4^^?)^ ^2] 5l;)o.s. 

^3i>.3 SAlSl^ 27^2) fl-Sf - * ^-^ ^njAVOJ 

i, ^f- A Jl^^-^3Ai^, 2J«1A1(Y !- x _ y Gd x Ce y ) 3 A1 5 0 i 2 (^ ^ x, y^ 0.1< x< 0.55, 0.01< y< 0.4* 4 
^1 ^21 S)3 ^^^j 0.3 X^lsl^ 37} 21 4|-f 4* 2>f-44°J^^^( <: '14 YAGTfl^^Afle^ 0]%.% 
4. 

£4 ° e ^S 2000-5099122 300nm «14 370nm o)t\S\ 4%S]a* 4^ 7l2)Al LED 2i. 43 

Onm ol4 490nm °142l $%<$°*<>\] «1#3|3» 4^ ^-^^^4. 520nm o)Aj- 570™ «142l 44"^^°fl u ^3l 
3# £fe 4^^^*fl4, 590nm o|aJ^ 630nm o)5>2l ^<g^ofl *^3l 4fe ^^^^sfl* ^4^1^ «>I^-«H4 
4£^1 4^^471 TflAlsjojcj. ol ^Ajj^^^^Al BaMgAI jo 0 , 7 :Eu, Sr 5 (PO 4 ) 

3 Cl:Eu, ZnS:Ag(£^ 4^3)3 44-8: 450nm)7l-, ^a^^^-^)^ ZnS:Cu(443lH 44 550nm)4 BaMgAI 10 0 
, 7 :Eu. Mn(44al3 44 515nmH. q*A%%^3.Ti: Y 2 0 2 S:Eu 3+ (^v\3. 44 628nm), YVO 4 :Eu 3+ ( 
443)3 4 4 620nm), Y(V, P. B )0 4 :Eu 3+ (>£%3\R 3^ 615nm). YNbO 4 :Eu 3+ (a}-#3)3 615nm), 
YTaO 4 :Eu 3 + (^-^3lH 44 615nm), (Eu(acac) 3 (phen)] (44^3 44 611nm)7l o)*€4. 
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44, °J47)) 2001-143869^ *Jt<H]fe. 47|*8S# "^flS. s>Jl 430nm o)42) ~-E42)42] 44*33 

°)1 44^34 44 -S-71LED, 3L^r f7l1St 444-°-3 *U 4?l ^H-^*^ 44^2H] 44*|H4 
4*r 47)LED4, 3434*. 4^4*11 « aH344l# £4*13 ol4°1*l^ 4£*ll 44±44 7]7llS]55(4. ol 
4£*ll 44£4°1H4 3^4*113.4 Sr 2 P 2 0 7 ; Sn 4+ , Sr 4 Al 14 0 25 ; Eu 2+ , BaMgAl 10 0 17 :Eu 2+ 
, SrGa 2 S 4 :Ce 3+ , CaGa 2 S 4 :Ce 3+ , (Ba, Sr)(Mg, Mn)AI 10 0 17 :Eu 2 + , (Sr, Ca, Ba, Mg) 10 (PO 4 ) 6 
CI 2 :Eu 2+ , BaAl 2 SiO 8 :Eu 2+ , Sr 2 P 2 0 7 :Eu 2+ , Sr 5 (PO 4 ) 3 Cl:Eu 2+ , (Sr, Ca, Ba) 5 (PO 4 ) 3 
Cl:Eu 2 + , BaMg 2 Al 16 0 27 :Eu 2 + , (Ba, Ca) 5 (PO 4 ) 3 Cl:Eu 2 + , Ba 3 MgSi 2 0 8 :Eu 2 + , Sr 3 MgSi 
2 0 8 : Eu 2+ 7} 01434 44 i §4*fl3.>H (BaMg)Al 16 0 27 ; Eu 2+ , Mn 2 + , Sr 4 Al 14 0 25 : Eu 2+ , (SrBa) 
Al 2 Si 2 0 8 :Eu 2+ , (BaMg) 2 SiO 4 :Eu 2+ , y 2 SiO 5 :Ce 3+ Tb 3+ , Sr 2 P 2 0 7 -Sr 2 B 2 0 7 :Eu 
2 + , (BaCaMg) 5 (PO 4 ) 3 Cl:Eu 2 + , Sr 2 Si 3 0 8 -2SrCl 2 ; Eu 2+ , Zr 2 SiO 4 -MgAI „ 0 19 :Ce 3+ T 
b 3+ , Ba 2 SiO 4 :Eu 2 + , Sr 2 SiO 4 :Eu 2+ , (Ba, Sr)SiO 4 :Eu 2+ 7} °}&S\JL, 3 4^43)3-^ Y 2 0 2 S:E 
u 3+ , YA10 3 :Eu 3+ , Ca 2 Y 2 (SiO 4 ) 6 :Eu 3+ , LiY 9 (SiO 4 ) 6 0 2 : Eu 3+ , YVO 4 :Eu 3+ , CaS:Eu 2 
+ , Gd 2 0 3 :Eu 3+ , Gd 2 0 2 S:Eu 3+ , y(P, V)0 4 :Eu 3+ 7 r 

°14 44 4^2) B -W1 44 44fe 4£*fl t^Hl^lr, $4 447H4*I14 HW%**7} 4 

4fc 443 44 31 ^7^ ^2}. %^7)1^^^7 r 445 443 iA^ofl o)«l| HJjAjjT)) #0) £<H44. 

o^H, $4|74|$4*1|4 %Ajj 7)|^^S)|7> 445 443 «4M 3*1) 44 £5 ^QS) ^Zfl 4.51*11 444:4 

o))*15, *M?il344|£4 4?l YAG7fl^4*fl7 r «>l-8-S4. £ 4?l YAG3l<S4*fl7 r 350nmt- a3r*H 400nm <>14 
21 44°34 4*1 ^44431 4444^*)) 3 4^4 4444 45 5434LED7)- 445 360nm o^v 400nm <=>) 
i\2) e44-a ^-2] <^7|<H1 s]sfl 7HS1 444*1 400nm <>14 530nm °143 ^^Tfl %$] ^7]i\c^A] 
HJL43. 445 ^4*fl°lH.3. YAG^I<*a(# °144 42)13 hV£^i 44£4<>lH5 $4*11 $4*11 4 14ol4 4 
71 343l%4*f|7 r 445 34**1 3*11 4^7ii^^ii- o^H?} 4* £54. 

0)4 4£ B -W) 4* 445 4£*)1 444i45, £«84*14 £44*1 43 444*14-°-3 4-2-7} 44 4J£*)1 4 
4^43.4 434 3°I4. 

44 YAG3l$4*fl °133 47)44-1-$ 4*fl» LED4 2:444 4h*I 44 4*l£ °H 44 3 5514. #44 °J4 
7fl 2001-143869^ 43.°115, Ba 2 SiO 4 :Eu 2 + , Sr 2 SiO 4 :Eu 2 + , Mg 2 SiO 4 :Eu 2+ , (BaSr) 2 SiO 4 :E 
u 2+ , (BaMg) 2 SiO 4 :Eu 2+ if4°J$4*))« °144 4i*fl 44±47 r 7W44. 

iijH4 o| <ys. 7 |) 2001-143869^ 7)71)2) 4£*fl 44^4<Hl^^, <>1^ 44 < S^4^l£ 4^^1^4*03.4^ 
■g-g- 0 !^, 4^^1f 4*113.431 4M4. a ^7|44#s. <>l^-44^ ^7]LEDa.4 47]LED» °l-§-4^ 5J°1 
44^421 4^<H|^1 4434435L sfl5U4. 4 °l *7fl^ioi] 7 i7|]4 4^-8-, e42]4LED4, %^t)], ^^t)]. 4 
4)711, 3-^121 4 ^4^)1* at^l^i t^sItt 4i*fl 44^4°fl 44 5J°1 44. -B4214LED, 44^47)1^ 4 
7]LED4, 3^4 4^7^l, ^-ajTilsi 3 44 47l44#*l4*))* ^4^1^ 4^s]^ 4£*fl 44^7H1 44 3H4. 

°1714, 4 4^4421 4^°i1 4«fl^1^, 2js 7 i) 2001-143869± ^iL°fl 7l7fl£lfe-Sr 2 SiO 4 :Eu 2+ fl-4^ 
4^lb, 2 7flfil 1^4(44^4 ^4^)4 4 *84*)M4 44^^3 ^i^-si^ Eu ^ 44^41 
^7>4(=Eu«42l 4/(Sr«7>sl ^ +Eu ^^oi ^): x )ol 0.01^x^0.0521 *si m<Hl^ic, 44^ Sr 2 SiO 4 :Eu 2+ 
(a '-Sr 2 SiO 4 :Eu 2+ )^ 4^ 560~575nm ^^<Hl 44^31- 4^ 4 Aj i44 44^ 4^7)1% 4^1 ji, cfA>^ 
Sr 2 SiO 4 :Eu 2+ (p -Sr 2 SiO 4 :Eu 2+ )^ s).^- 545nm 45«H1 44^H# 4^ 4^44 44^ 4^741^4 
s)lo|4. nJ-eH 2JS-711 2001-1438695: ^il<Hl 7^11^ Sr 2 SiO 4 :Eu 2 + ^as^^ cf A ^ Sr 2 SiO 4 :Eu 2 
+ ^4*fls. 444 4 5U4. 

°)7lAi a^ 7 i ^AVoj^^-^.Hl cflsfl ^4*1-3, ^efl (Sr ^aa-ba-, Ba a3 Ca b3 Eu x ) 2 SiO 4 2) 44^.03. ^ 
4^ 44^^4^1(4 a3, b3, 44, 0< a3< 1, 0< b3^ 1, 0<x<l4 44^|7l^ 42I 4)7} 4344. 47) 44 
■§^4^1^, ^4^ = 4 ^4*flS- A 1 ^£4 ^4*))°IH. Ba-Sr-Ca2) 2:^-g. 4^0.5.^), ^-^-313 44°l 505nm 
<>14 598nm ^£2j ifloflAi ^i}^ ^4^1 < a°l 4 43^ ?i4. ae) i 170~350nm 'gsl vflei 3- 2.4 
4«H14 alS^j J1JL421 44* 44<l^ ^4^1°J£ 43^1 $a4(J. Electrochemical Soc. Vol.115. No.ll(1968) 
pp.1181-1184 420. 

^34 47] 471 44°j^4*fl7 r , 350nm« ^44fe ^1 44°J°42l 542)44 °}7l244<>)H jis:4 

2) 444 44^tt 4°fl 44 7)^^ gi^ ^n.^ ffAj.<g^^^] 7> 3 50nml- i44 3. 410nm 0)42) 5 
42]Ajoj 4^-cg«, ssi ^s}^f-7il 44f-4£sfl5. 4-3€ 4444 4fe e42l4LED7 r 44fe 370~390nm 4 
?2l 54S1AH 0)7)0)1 o) S fl j jiSl^s) 550nm o|4 600nm d] Dv Vsi 4^7)1 444 4fe ^4*fl4^ ^)€- ^1^4^1 4 
31^1^1 8*44. 
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e^Sl^LEDSf 4^2} « *«fl* 2^13 f'efls] "£.£*)1 S t#4*H 

5a«H^^, 3**UHM^ ^^Tfl^t^lsi- *H*I$3MI4 %sl £4| f Sife ^^7il^^^|s). #<S|?J|$#*||7> 

°l7|, £ •g<>H 0 t<*l£ ^f 1 £*1 fc<H LED ^iFl^t, LED LED WQS.^ LE 

D W»)<Mf- f-)<4 A% a^^KLED 4»flsl a^T, 4M1 LEDf-. LED ultff-. LED 3 f0# ^1 u a v ^ v 

e^l-tlLED^ 4t^1 ^#*fl# 3.%*}$= $#*H£* 3^*1*1. f^l B -W] £i*fl £#£4 ^ ^ ^1 
^£«0 £#4*H 5a°Wfe. U «]^7j] #2} ^OfefcW ^fttj-. oi^ 

350nm# 410nm <>)t}$] oj 7 l*HH, ^Efiflfe ^#3)21 7|)<£-ol 

£«H »»7l nflg-ofl, ^AjjT,)^^-^^ i^JjT^^s}. ajAjj^^^l ^ofl flo)^ tfjAjjTj] uV^sfl ^^j. ^ g 

5U^r 3***1 ^7)- *U, B|jiiaj 4^lflfe ^aJ]^ ajAfl^ 

74), 3 ^^|7> £*J|. £^ 3J*-W 2 ^^171- £<w 3*11 

$44, ^Ajj 7 )]_ ajdjTflS) 3 ^^71- S}-^- #2] JjAjjofl 2)*1), JH #^0)^ igSg^RaW ^(R a =70 O) 

tf) ^^^1 ** ^71 3^1^*11, VMS^N. aj^Tq^^S] ^*S|7l-aia-fro|Olo):^ £)D^, 

°1* *8#*1) SW^E *| ^3l#Sl ^*])7> 51^-3, afl^Til *£| aJ] ^7))S. "Wl #2} ^of^l 



A o v 7) 4^1* «IHSl-7l fl«B, -g- t^<H] HV£*|] 350nnvt i4*H 410nm ^l*>s] s)-^^o| 

3) a* tcffe e7>2|Aj ^CfoliHfif, ^7] e7fS)Aj >£#CW.2.C 7 ). -^5).^ 5-7-1-51^ ^ ^e>J7, 

380nm o]^ 780nm ^s>sl 7M « ofl tt^af ^fe ^Vfe 4^r^ ^^^11" it*>^ S#*fl#-i: 

S^l^, CIE^££ofl^Sl t^^i£^(x, y)<>l 0.21^x^0.48, 0.19^ 0.4521 Sl^ ^^7)) ^-S)-^ 

«>£^| tt^-^-oH. A o v 7l «^*ol, 400nm o|-* 500nm nl^s] ^^alal- ^ ^^7j]2l 

tsKr ^^74)^^5}, 500nm ©l^ 550nm d| d J2] 4^<g^«fl Sfe ^^Til^ ^-g- ^^^^ 

^Sflfil-, 600nm °]-# 660nm 3)-^^^ofl t^-^a* £t= WW 550nm 

600nm *fl 3 | ^ ^t}^ ^ 

°17|a-1 aj. 7 ] e7}2lAj LED ^. 7)-2l AH LED# if-el-c 250nm <>]■# 410nm c>ls>2l flK^eH ^^31 H» 
* LED^ ^t*l ^5)^1 ^1-LV ^21 -g-o|^, ^|2:fi) .g-o]^, ^ 7 >, g^tfjE f.^ ^^oflAi, L 
ED^- 300nm o]^ 4i0nm ©1^21 4#"3<*<H] t^H* ^ 54*1 -SLED, ^cf «Vt2!*>7ll^ 350n 

m# 410nm ol^ej 4^-<g^<Hl §^3)31- ^fe 5fe ^^21a| LEDj 3 ^ w >^2)s>7l|fe 350nm 

•f 400nm nlnVs] ^Aj-cg^oH tf3)3t £^ sffe eA>2l AjLEDo] 4. 

*§#*fl#°.3A| Aj. 7)a j. ^.o. ^^^11^^. ol uV£^) t^±A>7K 400nm c>l^ 500nm 0)^21 
500nm 550nm n]«V2l ^^7)1 600nm o|a 0 V 660nm d1>j>s) ^aj)t)] ^^-4, 550nm o]^ 600nm °l n J-2l 

^AjjT)] Us V^.o 1> 4 ^= ^AJI^. 7 X V^ ^s^l sloj, o| 4 f^f r ^Ajjo) ^Ajjo)] 218)) ajjAjlT)) ^-^ ^ S M1 ^14. £ ^ 

^£7}- <^3L^7l^ 5V^«V Al7 D V£7V ^ ^j^Til 21 ?i °-» ^ 7)) ^2l ^^t}^ , Al 7 D V £7 f 13)51^ ^Ajj 

Til ° a V ^°l if«tHS, "Jj^Tll ^"21 ^-^O) feo^cf. a <£°\X]>S u -flA«7fl ^21 §^g-i7> Afl £SJ ^oflAi ^.^Sj 
o] SlH.3.. 3g^«gAjj-( Ra)E ^oV^cf. 

(Sr i- al - b j- x Ba a , Ca b , Eu x ) 2 SiO 4 

^ al, bl, xfe 44, 0^al^0.3, 0^bl^0.8, 0<x<l* -L^^l^lfe ^21 &o]c\. 
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<W1, $*Msi\ al, bl, xS] $#sfl <a<i tfl^V l^aj <?1^, vfl^ri %^7% t#2] £#7j- 

^ #AJj°l ^ofl^ w>$ajaM|fe, zj-zj- o<al^0.2, O^bl^O.7, 0.005^x^0.1, iH} Hj-ig-zj^Tfl^, zfz)- o<al 
<0.15, 0<bl^0.6, 0.01< x< 0.051- D J:^>-l?lfe ^21 zjo] ^Jo) 4^*1^4. 

a, ^71 ff^^*)!^, £ 4<H) ^7l>iaiE^4 ^^-i^E^e] 4)3|f- 4eH£- 250~300nm ^»fl 

o|7|3la# 7W oj, 100~500nm5l g£ s^fl ifls] Ir^rSU, 550~600nm^ ^-(orange) 2] 4 

%^7i] llSRr %^7jl^^^|o]cf. 43.^ ^7] iftf<a^#*llb YAG3)^#*flS+ £ 

°1. e^ltf ^^A|7|^ ^^7j]^^-xfl7}- §1<>1£, e7fsi^LED7l- fla|-fe e*r*Ui ^-8: 

aeU ^-71 al4 bl°l. S.^ 0<H1 7\v\% ^-f °fl*r, 4 H o V; S4 £43 °1 £4$. TtW&WH?} s]7| 3$lxM, #7l 

£ x7^ ^7) ^^)^^£Lcf 43. 3-f oflfc Eu 2+ tM>«83**I«I «*^H7> ^«flx]n, 

€■ tt'SH tf#&*>°M tH^^It, S r 7)2) 5j-«H 0.3. m^fe 3^#-g- ^*flS ol^^lfe 3 

(Sr i- a i-b2-x Ba al Ca b2 Eu x ) 2 Si0 4 

# al, b2, x£ zfz^, 0<al<0.3, 0< b2^ 0.6, 0<x<l# *HM*1fc ^<i| #0)111, hJ-S)- n> 

^*>7llfe, 44 0<al<0.2, 0<b2<0.4, 0.005:2 x< 0.1, 4t^5}7flfe, 44 0<al<0.15, 0<b2<0.3, 0.01 
^x< 0.051- ^s) 3jo| 4^3isV4. 

€• *«3«l ££*H t^^HH. SJ-71S] (1) Hife (2)2) ^^Tfl^^ol^, g> 

7)21 (3) ife (4)21 ^^IV^Oljl, *A4\m%^ *>7l2l (5)21 3j -S| Tfl ^ ^afl o] ^J 0 | M^3)5fc}. 

(1) ^1*1-21 ^^1^5. v+El-M-^ T^lS ol^-^^lfe ^S.^^<g^^^l. 
(Ml !- x Eu x ) jo (PO 4 ) 6 CI 2 

Ml-fr Ba, Sr, Ca ^ Mg 5-^1^ 3\o\SL 1 7fl2l ^2lS^ x-b 0<x<l^- D J^^l7lfe ^2] $°]c±. 

(2) cle>s] o.s 4^14^ ^aflS ^l^^^lfe 2>f.nlA>oJ^^l. 
(M2 ,. x Eu x )(M3 ,. yl Mn yl )A1 10 0 17 

^, M2fe Ba, Sr ^ Ca -!d^^ aj<>l£ 1 7fl2l M3£ Mg a A Zn ?«fl^ ^d^€ 1 

7«2l x, yl-fr Zf4 0<x<l. 0<yl<0.05« D J:^^1 ?l-c ^2) ^o|4. 

(3) o]sV2) ^^A) o S L+E^fe olf-olx)^ 2j-SolAV<g^^. 
(M2 !_ x Eu x )(M3 j.yg Mn y2 )A1 10 0 „ 

M2rr Ba, Sr ^ Ca 5°))^ 3}<>li i 7 l|2l ^elE^ Q±, M3-& Mg ^ Zn ?<Hl^1 ^<>l£ 1 

7fl2l Q±, x, y2fe- zt4 0<x<l, 0.05^y2<l-fr D J^^1 ^21 ^olcf. 

(4) °l*l-2l S^^aI o.s q-ElM-^ ^*flS. olf-ol^)^ ffAV^^^^l. 
(Ml ]. x Eu x ) 2 SiO 4 

MI-& Ba. Sr, Ca ^ Mg S<*|-H A d^« ^^Hi 1 7fl2l 2>^ejs^-^ x ^r 0<x<l* D J"^^1 ^2) ^o]cf. 

(5) <^1S1-21 o.s M-EfH-^ ^^-1-1- ^^15. ol^^|^ tfjg-SM-^afl. 
(Ln Eu x )0 2 S 

^r, Ln*. Sc, Y, La ^ Gd ?<HM aj^t i 7 l)2l sjs^- ^J±, x ^ 0<x<l# D vH?H?l^ ^2) ^olcf. 
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m qqm^n^ sl^, ■e^sm %$\ 7 h s]«d ^ 

sflolHS., o|4 ^ ^±3. i}^, ^7} t^£7f €■ €4. 

^lidLED°l 4#*!44. 

^4£#7fl ^%#«J-£^)^ tMJ« £fe e4*l^lLEDfe, fe£ ^E-gr-g: 44MM #4 £^g-4-£ 7]-^ 

o|2|. e^S]AlLEDl- ol-§-^o.5.^| #7] <S^-§-4°l 7}^S>Dj cj^o] ji ha^] ^ u> 

^%±*}7\ g<H*l4. 

£ 4$ "Jr£^l ^#£7H1 si^H. ^-^^jfE-i « 0 v#s]^ h-W] 3g-&<3^(Ra)7> 70 o]a o v 100 D ) 

4&2144. 

o) 5§5^^T(Ra)^, S.4 4^-^5f7fl^ 80 100 4*. c| ^ «V ^ ^ s> 7)] ^ 88 °)^ v 100 n) D l<i] ^oj 

o|4 £o| Sj-ig, Stj| 3^#*H <^S}. HJ. E S|) t^4l7-V7h 44. 

£ t^ofl 4$ 7)] 1 aV£^l t^^ltr, 7^1 5} aVS^Il t#£4» o|^s><^ «v E ^ £3.3. 

*M4. 

** J S-«I* T^*)^, SLRaS] wJj^T^l "g-SKr HKESfl ****17> £<H44. 

£ -g- 4$ 7)1 2 ^-£^1 t^^l^, 350nm# £44°) 410nm n)4<i| 4^ "3 "HI ^^H* 

4fe ^4^1 -id ig%±7}<%, ^7} 54^)4 4 4^44 44fe ^4*1 4 4-g- 14^H , 380nm o|4 780nm °}?>}2) 
7^144^ "HI 44^ H» ^4* 44tt 4^3 ^^-^1- £44xr 2:4^. CIE^££S] 44 

4£3(x, yH 0.21<x<0.48, 0.19<y<0.45^ oj^ HjUj)^ h].^] 444*10)14 47) 

*ti4°) 400nm <>ltf 500nm 4^ V< S^°1] ^^^1 ^^^|^%^]4, 500nm 

550nm Dl D i2l 4^^^°)) t^H* ^aHt)) ^gi-^ i^j] 741^*1] 5]. 60 o nm o]^ 660nm n]n>e) 4 

^^^■H) t^3i)3» ^^7)] ^t}^ ^Afl^^^-^s}. 550nm o]^ 600nm v)l±9) 4^ < ^^ <> 11 ^^3] 3 

# 2tt %^7il %^7fl^^*l]# £#*Kr ^^J^S. 1>4. 

o|4 go] Jl^^ol^ ji Ra 2l BjjAjjT)) HV£sfl ^^^^7f «y<H^14. 

<^7|a-1 uvt^i ^^•S)^ ^^^£7-1, LED ^UST.lcj^-, LED 2-f ^Xf-. 4-f4^ LED ^^l^^4 LED H 0 >^4 
^lf- f-21 4* S^^, LED i^f-, SJ-ifl LED^, LED LED 3 u s v ## f-S] 4f^ 2^^-^# # 

<^7|Ai ^. u s vtgoj e7>2)AjLED cfl^J, ^-<y 4^<^«ofl t^3]H# ^t^S-O-S. t4TT U S V %^7K«V 

SLM) t^±4°)l tlr^s}^l e^-g-)* °)-§-«ll-£, 4^7Mei 4-§-3l44 ^<H^)^, 4^>7}4^1 %%±*}7\ 
^014. 

0)4 t^±7V^^. e)|o|^4o)i.H. ^ it ft n°]7]^o]^ f ^.7] ^bs.^-^]^^ ±7.\, -h-7| 



£ 4£ ^^^^^14 YAG7))^^s)]e) ^ ^ ^ 7 }^s^^. 44ifl^ £. 
£ 5^ £ ^£sfl ^^4i7).sl <a^]S.Aisl 
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£. 8-8- a|] 1 -^^Hlsl «V£;*il "fi^i*}^ tfiti|E^ £ , 

£ 9fe afl l ulHiSl tV£^l 1HNi*l-4 «*i<|S^E. 

£ 10* *ll 2 *H°il2l a J£*fl t^^>2) tf^hi^EflH. 

£ 11-fr all 2 ulHoflSl 1>S.^1 t^^fSl t^^HiyjE.. 

£. 12^- all 3 ^*Hls) S>£.^ ^±421 

£ 13* S.21^^^1 2]$ a -Wl #2} t^i^S^i. 

£ 14^ £21^^<H1 si* «Hal| #4 

£ 15^ * t^-H) 4-8-«>fe ^^^isl ^^isJje^t 



-all 1 ^^-l^Efl- 

°1*K ■& ^£^11 lJ-#4i42l ^Al^Em-, i'g-g- ol-g-sM ^$4. £ 1<H1^1 £ 3* 44 ^-^°1 4^- 

afl t#£42l ^£,g £ o|cf. 

«V£a)l £#4i*l-s] cflsajoj oflS-A-], £l,£2Eu£ 3<Hl 44Mlfe t#4:4# f- <r $J4. £ 1* 4 «4 

£j= ±4(7) *M #3334 e444iLED(l)-» ^afl^-4 ^Ajofl, <y4«)4 4^7))a)4*fl oj^ 

(4)4 <y 4(5)4 °J^H6)» 5Lt4^r ^#*)l°d4W, BGRY^%*)I °J44 Ml all 

?!■ ^%^1#* 34^ ^*]-g- 0 *H e)sfl e^si^LEDd)!- 3-9JA17J «l£a)l 44\E4. £ 2^ el 

H =sfl°J(8)Sl 4££- HlHofl $aj$ 3(9)oil -B42l^LED(l)i- £•§ U-afl^-4 ^-aH, 3(9) iflofl BGRY^afl ^ 
4(3, 4, 5, 6)1- MlaflAl?! $%*J$(2)-i- Hfl^sfji, gjjf. -g-<y ^1(10)3. ^SSl «VE*11 § 

#±4» 44M14. £ 3* 7|ol^(ll) e^l-S)AjLED(l)# ufl*1^4 *4°l. ?1H^(11) MH BGRY^#*11 °J 
4(3, 4, 5, 6)# vfla)|A|?J ^^15. *§Ajs> <g#*ij»( 2 )-g. nfl*]*}. ^£3} 3$ hV£^ t#±41- 44HI4. 

£ l<HlAi £ 3°)1 9i<H4, e^Sl^LEDCl)^- 350nm-t 2l44J1 410nm °14, v\^A^\^ 350nm-& 3r44jl 400 
nm D|>?>sl 4 ; o v< 3^°ll ^#4H* ^44^ t4fe LED°H, ^^^#^1 S^i-'&iafl, ^SH^s^l 4 
^§-«Ji*i iSS^V^Tjl SWJVE*! 444£a|] ^t#«i£al] ^-21 ^-7) 3^-#<>W -B-7l^^#5. ^4 

-°r7lELia»olcf. ojf. e^>sl>tiLED(lH ^°dA £fe ^°d^l^. ^ v 7l 4^^^ iflo)| ^^B)a# e 

°}7H ^CffJ- ^AVS|Aj ^ Q 7 ]Q oj.^^^ o,s|) e ^ S | Aj LED(1) o. ° 7) ^^ S ^AJ^J ^ 7 |LED7l- 

4^2l*H, ^ f-°ll^£ ^^^#7il 2l-t# u J£^lS ^Aj^ ^fe e7}SlAiLED7h -St7j"£7l- il 

cf 4t2lo+cf. 

^^-^1^(2)*, •E^2lAj LED ( 1 ) 7 ^ e42l-a ^-l- ^-^rS>il. CIE^££ 0 )1^2l t#^.E^(x. y)ol 0.21^ x< 

0.48, 0.19<y^0.452l Xlfe ^^7j] ^o.S. ^^Sl?) ^°H, e7j-S|ad L ED(l)7l- e^SlAl 

i-^^°l 400nm ^1^ 500nm °)<£s\ ^^^ofl ^^7j]s) ^^711^^-^ °dAH3)°+, 

e42|Aj LED ( 1 ) 7 }- te^fe e42lA) t^- i-^sfol soonm o)-* 550nm nl"Vs] 4^^^°^ ^^a* ^^afl 
21 ^ V ^V^ ^-ABTji^^-si) oj 7H4 )o| e42ladLED(l)7l- 5^21^1 ^-t" f-^iiH 6 00nm «>J^ 660nm 

D l D J-2l 4^ < a^°fl ^fe ^j^Tllsl tsl-zr aj-s»7fl^%i|| <y 4(5)4. e42l AiLED(l)7l- tSVfe 5 

Al-S|Ai ^-^ 550nm o]^ 600nm o|^e] 4# < 3°*o|] ^^3, 3l . ^Ajj^o] g^.^. ^^afl^^ 

3#*!|*(2)*, -8-71 BGRY^^sfl <a7j. (3 4 5 6) s. ^ofl §.a>a)^ ^£4. £ 7 flS.fe o)]^a)^^, o} 3 |t 
^1. f-eHoiH-M, -9-i^l, ^el^^l §-2] ^^)# o|.g.^ ^ ojo.^ ^^4 #i-o] £oi^j7 c^o] z\ 7 }o] * 

°)l^a.|^X| £^ -aelS-^7}. M).^2j5V4. ^%-^lt(2)2l =-71]^ 10wn o)A^ lmm o|^, uV^3jg}7llfe 10 
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Oum 700^11 o|el-c)|4. 

^#*))#(2) ^^7)1^^x1) °d4(3)^, e^AiLED(l)7> e^sl^l 400nm oj^ 500nm 

D ]°vsi 43-3 «M Sfe 3W]si fsHr 3W)$#*||(3)ol<a sh, J^na^s. -fr^l ^j|s.(oj] 

* ^^4i)el-£ <r Sa*l D v>, 4^*l->flfe * r 7]2l (l) £fe (2) # s>M-s] ^#313. sffe 3°1 %t\. 

(1) S>7ls] «iL v}Em^ ^MliiL ol^7|^ §soi^<a«**q. 
(Ml ,. x Eu x ) 10 (PO 4 ) 6 CI 2 

Ml* Ba, Sr, Ca Mg ^<HH Ajgj^ 1 7|]2) ^elE-g-^ xfe 0<x<l-§- ^2) ftoj^. 

(2) S>7)sl os. i4Efi4^ S^g^ ^AfliL o^-o^fe tt+^flni*^. 
(M2 !_ x Eu x )(M3 i_ y i Mn y , )A1 10 0 17 

<ch M2fe Ba, Sr % Ca ?<HH *\°]$- 1 7flfi] tttte)£?^ M3* Mg ^ Zn 5<HM 1 

71)21 x, yl* 4^0<x<l, 0<yl<0.05» ^^1^1 =r2] 

<^7lAi ^7) w r t2|l> ^^7)1^^2] ?*M3.Alfc, BaMgAl 10 0 17 :Eu 2 + , (Ba, Sr)(Mg, Mn)Al , 0 0 17 :Eu 2 
+ , (Sr, Ca, Ba, Mg) 10 (P0 4 ) 6 CI 2 :Eu 2+ , Sr 5 (P0 4 ) 3 Cl:Eu 2+ , (Sr, Ca, Ba) 5 (PO 4 ) 3 Cl:Eu 2+ , 
BaMg 2 Al 16 0 27 ; Eu 2+ , (Ba, Ca) 5 (PO 4 ) 3 Cl:Eu 2+ « ^ 9X*\. 

*§#*fl#(2) ^2) <y7K4)^, e7>2l^LED(l)7> <£SHr ez}2]*d |r^*H 500nm <>ltf 550nm 

D)nVo| 4^^«o)| « s ^3la» £fe ^^7112] >£SRr ^^711^^^1(4)01^ 3 °1 , *|| =LC}£ -^71^^.5^-^ 

4*« T XH D vh »}$*l*Mlfc *V7l2l (3) SLfe (4) * %%M}3_ *rfe 3°1 ^cf. 

(3) *V7l2l Wis 4Er4fe S^-l-l- ^Ml3- ol-¥-°Wfe 2j-^nlA> 0 J^^ 1 
(M2 ,. x Eu x )(M3 !- y 2 Mn y2 )A1 10 0 17 

M2£ Ba, Sr ^ Ca 5<HH *)<H£ X 7 ]]a] tKMS?* *J4i, M3* Mg S Zn ^o|£ 1 

71)21 3J£, x, y2fe ZfZf 0<x<l, 0.05<y2<l* D J^H?lfe ^2) ^0)4. 

(4) i}7}2\ 3r«H il 4El<4fe J^S-i- ^15. 0)^-0) x)^ ^ai°J^^. 
(Ml ,. x Eu x ) 2 SiO 4 

Ml* Ba, Sr, Ca H Mg ^^5. 1 7fl2l -^elS-^ x ± 0<x<l-fr n J-^]?l£ ^2) #0)1}. 

A o v 7) 7)1^^*1) 2) ^^ofla^fe, (BaMg)Al 16 0 27 :Eu 2+ , Mn 2+ , (BaMg) 2 SiO 4 :Eu 2+ . Ba 2 

SiO 4 :Eu 2+ . Sr 2 SiO 4 :Eu 2+ , (BaSr)SiO 4 :Eu 2+ , (Ba, Sr)SiO 4 :Eu 2+ f - £ # 

^^^(2) #21 ^Ajj^^^-^) <gxK5)fe. e* r 2|#LED(l)7} u a v «r^ e^Sl-ti f-^rsH 600nm <>]$ 660nm 

^l-§-t <T ^^1 D J, 4t«l*>7fl^ 5>7l (5)21 s}^ 51 o] ^c|. 

(5) *r7l2] S)-^-il M-E^^ SH-#* 0]lf-0\z]^ 

(Ln j. x Eu x )0 2 S 

Ln*, Sc, Y, La U A Gd Aj@j^ ?*o]s. \ 7 fl2l s]S# xfe 0<x<l* D J^^I ?1^ ^2) &o]z±. 

<$7] 4^21 tM A ^ 7jl^^Afl(5)2l ^sflofl5.^fe, Sc 2 0 2 S:Eu 3+ , Y 2 0 2 S:Eu 3+ , Ln 2 0 2 S:Eu 3 + , Ln 2 
0 2 S:Eu 3+ Sm 3+ , Gd 2 0 2 S:Eu 3+ # ^ ^cf. 

^^*fl#(2) #2) t-yjTll^^^ 9j7K6)fe. 5421 ^LED( 1)71 ^S>fe ?7j-SlAj ft^«H 550nm oj^v 600 nm 
nlolfil %%<$qo% ^^3)31- ^fe %^7tl2l ^Slfe %^7fl^^*l|ol^ £l^|oV i ^]2.o) ^.ol^olu} 
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3 «Jfi^U Jl 4<H)4. 44347ilc 433 o S l|e}4c Sj-^-g- ^xflJL °l+44fe fl. 
4°J$4*l]3. 4- ^5J°l #4. 

(Sr i- al - b i-x Ba al Ca bl Eu x ) 2 SiO 4 

4 al, bl. xc 44, 0^al^0.3, 0^bl^0.8, 0<x<l4 44t-)3c 43 4, 43-*l*r7flfc. 44 0<al^0.2. O^bl 
£0.7, 0.005^x^0.1, iL4 4434t1|-, 44 0<al£0.15, 0<bl£0.6, 0.0U x£ 0.05°)4. 

iLcf 4434711-, 433 is 444^ 4444 4*113. 3433c fKlo^^jg. 4c %o] §>cf. 

(Sr i- a i-b2-x Ba a i Ca b2 Eu x ) 2 SiO 4 

4 al. b2, xc 44, 0^al<0.3, 0£b2=£0.6, 0<x<l4 4^33c 43 434. 

433 44°J34*llc, l*j4£S3 4434 44*34 #14 4 21*14, £ 4*83 4£*ll 44ii4ofl4 44<S^ 

4*fl3 1^42:c 4434 443 3^ 434S 34 43 (a) SLc (b)3 44^4*11* 444 4 $14. 

(a) 4433 4342:# 4c, 4-8-4 4c S43 fl-4<^4*t 
(Sr i-ai- b2 -x Ba a i Ca b2 Eu x ) 2 SiO 4 

4 al, b2, xc 44. 0<al<0.3. 0<b2<0.6, 0<x<l, 44347)]c, 44 0<al<0.2, 0<b2<0.4, 0.005<x<0.1. 
i4 H^a)*^-, 440<al<0.15. 0<b2<0.3. 0.01< x< 0.05-1 4^r33c ^s] #o]r%. 

(b) 4433 l^i* 4c. 444 4-8: £33 fl-4^4*t 
(Sr i- a2 -bi-x Ba a2 Ca b i Eu x ) 2 SiO 4 

4 a2, bl. xc 44. 0^a2^0.2, 0<bl£0.8, 0<x<l4 4433c 43 4, 4434t|)c, 44 0<a2<0.15, 0<b 
1^0.7, 0.005<x<0.1, ^.4 4434t11c, 44 0£a2*0.1. 0<bl£0.6, 0.0U x< 0.05* 4433c 43 43 
4. 

a o V 7 ] 4 A]o) al g2 bl h2?} rf^ 3].^. ^*|o] ^o^fe, ^4<^4*fl3 1342:7)- 443*11*13 

41+ 4 44c£<H] 44 44433 444c 4*344. 44. 43 Ufl vflji4 c 433 23<>i]3c 44 

3 4^* c 3J.2.3. 33 43:4 4 A Ji7fl^4*fl3fe 3*1 VMS 4*0 3. S)s.a 341, 4 Til, 3t!13 *J4*fl 

4 243 3 ^44, iRa3 q^ifl 4* 44c 4£*fl t^ife 3*1 5-44. £ Eu*]7l-4(x)3 43 «84 
vflM.4 4+ 433 23°H3c 444£7> 44Ji. c 433 23°H3c ^2]£c.s] $-4 444£4 34 
3 c -£-£4:43 4*14711 4 A <§44. 

"^714 4 4^2] ^safl 44^4°ll °144^ 4^ Til ^ 4*11 44^^4^171 44fe 4 Aj l7)l 42I ^$£7} 44 
44^ o|-fi-»l4. 471 44^21 i^^at 4fe ^4^^4*111- 44 4 £ a.4 44«!44. a 44<3<i4*fl 
21 l*j4a# 4^4^71714, 444^1- 4H 4^<H14 Sr, Ba, Ca2l «a4# Mg«>|4 Zn^-S. ^144 4£ S14. 

471 44 < §^4^im, Slol^fl^. a>4^ °j£4i 4^7l(ofli. LMS-30: 4<^fl4 4W4(SEISHIN)7l<3*l]) 
H 34 °d£4i ^71-S., §--^3°] 0.1/an °14 lOOfan 0)42] ^o]^ ^444, ^4*fl 4^2] 4.0] -y, <$^- £0}^ 
, ^4^1# ^^2) &o|^ f-s] ol^-oflAi, ^ajoj^o] ijmn o|^ o v 20/an °147> 44^14^, 2/zm °14 10/an «>147> ^.4 
4^^144. ^£43L°fl cfl«flAl^ 0.01/an d|°V * 1000 jo* 2:44c °J4» 3L44*1 3*14, # A J°J34 

44 ol-8-°«4 Iab °14 50^ ol43 ^3 M1«H1*1 *j44i°fl e43 4i* 4fe 44 < S^4^l7> 44344. 

2. 47l 44^ ^4*fl-. °fl# 4°1 47l S-4U. Electrochemical Soc. Vol.115, No.l 1(1968) pp.1 181-1 184H) 
7l*™€ 4^4^^-S. ^1^4 4 214. 

°14 471 44^ 4*fl 3 4 A j4 a.4 4^)1^ 4^44. 

5- 4- 43 44<9^4^3 ^7|^^e^ r| tti^S^ 44M1- i"14. £ 4«Q& alHf 3«fl 4e«3 Y 
AG7ll^4^13 ^7ii^|e^ ^ 44^*1 = ^3 °11£ 4^1 44NH4. 
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£ 4 oflAi ^ oj^ ^aj. go), YAG7flH4*i|7> 100nm~300nm 4-E-, 300nm~370nm *e, 370nm~550nm *e 
si 3 7fl4io)] ^7l5|ai- 7M4 °l» 44^) 44*33 0)4 4* St*H 550nm ~ 580nm2l 4 
444 Hf- 4^r 4^7)|<>l $*K=. ^4*fl°J %°\) 4*fl, 4 4>3«14 4*4^r T^***lfe. 250n 

m~300nm *e°il ^7)3\3.% 7^H, 100nm~500nm2l tf * 44^4 ^4 4* 550nm~600nmSl % 

4~4~* 44 44*8 «H W3t 4fe 4^7i]4 *§4* 44tt 447il^4*il°)4. £ 350nm# i44±L 400 
nm olnj-s] 5444 44 «l7l*HWfc. YAGTi^^afll- «f-«l ^-7}*|-fe JlJL-§-4 ^4*tl°j£ 4 ^ 5d4. 

444 4?l ff<&«BS**|* 4^7i|^#*fl $4(6)3. *M *§4*ll4(2)°i) £^1?°^, ^4*i]*(2)°l #* %q 

Til 4* 44*1 €4. 

aeU tf7l$al. a2, bl, b2, x4 **1 >g4 ifl £^4 fl-^^ ^^•^leh'S, <^7] * 44£^£ i S*, £ 4<H) <*44 

44°J1!4*il4 7 f4* 7^0) ^Cf. 

°14 * 4^4 4£*ll 444*14 Jfl 2 44^* SLg-fr o|-§-s>o^ ^«8*|.7l3. 44. £ 5 ifl^l £ 7* & t^^l 
44 4£*ll 444*14 ofli- 44M]^ 

£ 5^r * 4^4 uVt^l 44^44 ol** i^H^ £^4*1» 44M14 £ 6* 4 4^4 $£*| £#4i4» o] 
*4 44&4* £44*11" v+^iflal, £ 7* * 4^4 4£*11 44£44 °l*4 *4s4* £44*1°14. 

£ 5 ifl*l £ 7<H1 $W4, 4£*H 44±4(12)fe Til 1 443*H4 4 "3 4 4 4^4 4£*fl 44 4. 

£ 5°fl4, 13* 4£*il 44£4(12)« ^*A)7l7l 4$ ifl*lo]^, £4*1(13)4 0N44 4£*fl -£%£4(12)7l- 
*4SM 44* 4£* 4444. 

°j7H £ 54 £<34*l£ a}t«!t ^£4 i+Efiflfe 3°14 a. yj-^ofl sj-^ uV^l oj *14$eW « 

^Hl^ 444. £ 4£*fl 44£4(12)4 444 3.7}. ^, §4444 f£ srt^l #344 $H oHcf 



St* °1 °il4 S^^^Hl SI^^I, aft*!?!- ^ *£fe 2000K ol^v 12000K °l*h Hl-t^sVTfl^ 3000K °l A j- 10000 
K *]*}, a.4 «V^«l-7llfe 3500K ol^" 8000K ol^oV, a. ijj-^ofl av £ ^| ^7] 
q *£<H1 ?Jol 

£ 64 £ 7-^fe * t^ofl *£«fl t^^lS.7-1sl oflsA] 4 A o v S A l^^)4 44^1^1 

D J, * «* u i£^ll <>1«-H tl-'gslfe 5Jo) 0^4. 

*£^1 ^^121 ^3)13.^51 X^H'-^lfe, A 0 V 7| 2:^^*121 ^-f 4 o^7WS, ^1 1 ^ A 1^E]HW u vl:£^l 
t^±4(12)# °1**H -7^ SI'S £ S>£*fl tf#±*Kl2)S] H7), ^, t^^-fil «-*om «V£^] 

t^xVSl «fl^l« 0 V^ ZL*g t ) *^s)^ 5i* oVM^, Slft^^£ s^si *^}S|fe o>w|4. 

4 A o v S A l^^lS.^9l *l^fe lcm o)^V 10m 0)5!-, ^<>1 icm oj^v 10m olsj-, o> tJo] 5 mm o]Aj. 5m 0)5}^ 
ofl^l ojfils. ail*)-* 5a£°l, ol ^1^°)1 44 *£^1 u s v %i42l 7fl^l- ^ 5tt4. 

£ 6<H1 44M1 ^4i7>l^^H 9l°]7-], 127\ 7)] 1 ^A)^ Efl<H)Ai ^^^^O] Cf. O) $X|-£A|^4|e| 

>H£. 3*4 4*7H£ «V£^il ^±4(12)sl *%^, 3.7), ^, ^sl f-* *^sl^ ^^1 

444. £ X4€-4fe 4^sl^ «H"1. *4, 4^44, ° s v 4^!. ^eli§-7f f-o)^ £ ^fl4. 

°i7H £ 5 vfl^l £ 7<H] 44\« 44 £* *£*il 5U«H>Hfe. 1 f 1 * 3 ! LED^4* <>1** ** 7flsi «j£ 

«H u a v ^4(l2)l- °1*4°1 4^, ^^-* **^4«14 ^^^^144 4 *£»1 SfM 

4°1 7V^«B^4 *^H. ^*£ f-4 sl*.a.<iH el* u e v ti42l *^^*£ 7^4 * < a47il * ^ Sl^l s)<H. 3 
4^44 *£^4<H1 m* §^-dt44 £##£4 ^£ >S4** ^7i] * ^ 5U*4 fls.^* 
44*1 4 * 5U4. 

£ ste sg44 4£^)1 4^±4» °l*4°i 4£*il 4^4^l» *^44, i4 ^°1 ^44 it ^14*14 "3 4 
44fe £^4*1 *. 44 ^°1 *§44 444*1# ^1*4 * ^<H, 4£4 4^* 4^ 44X^14^14 444<>1 * 
*4 £^4^11- all 44 * 5d4. 
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£ VS.*) 4 1 *H^e])o)] 7)711$, -JjAjj?)) #o) ^o)*)^ £5:31 <>)-§- 

Si 31 1 ^^l^Eflofl 71*1)4 «V£*|] -fr#i4» t 1 ^* W^l'JH oJ-Vl, €■ 4£*11 t##*l 

fe, e^l^ g%±*r*r A o V 7l <8^#-i- 3^13 ^s]^ 45L*1| €<4. °l*r ^O) Sfl£ 44 

4*1 4-§-£47 r £<>13, * r «7r*l 4£*ll t##*l7f <a^^* 

i -a ah) 

3*JM1*§#*)1# (M2 Eu x )(M3 !_ yl Mn y , )A1 10 0 17 (#, M2£r Ba, Sr $ Ca ?<>H %°]S. 1 7|)2) 

tt«e)£^4 M3£ Mg S Zn ^°)H 30)5: i 7)]o) x , yl£ 4^ 0<x<l, 0<yl<0.05# n J-^M 

^2] ZjMcUsl 3MM o. S. X^lSlfe, (Ba, Sr)MgAl 10 0 17 :Eu 2+ , Mn 2+ ^-f-nj^ #*fl(M2=0. 
9Ba+0.1Sr, x=0.1. y=0.015)3. ^Tfl^^li- (M2 i- x Eu x )(M3 i_ y2 Mn y2 )AI 10 0 17 (4, M2fe Ba, 
Sr ^ Ca *«H 42j£ 1 7fl2] gftelS?^ M3£ Mg 3? Zn 4fi)€ aj^S. 1 71)2] x> y 

2^ 4 z )0<x<l, 0.05^ y2<l* ^4 5M4.)2l £7)5)^ BaMgAl 10 0 17 :Eu 2+ , Mn 2 

+ ^s d jav<m ^^^-^( x =0.1, y=0.3)S sH, ^-W^*!)* (Ln !_ x Eu x )0 2 S(£, Ln£, Sc, Y, La D A Gd 
S*M 7fl2) 5|£|f- 4:£, x^0<x<l* 4^7)7)^40) ^o)4.)o^ $Wq<L2. &a)s)^, LaO 2 S: 

Eu 3+ ^Sr# *M$#*ll(x=0.1)3. *VJI, (Sr x - al - bl _ x Ba al Ca bl Eu x ) 2 SiO 4 (£ al, bl. 

x^ ^A, 0<al<0.3, 0<bl^0.8, 0<x<l-§- £^l?lfe 42) fto)4,)o) 44^0^ £7)5)14 44^2) 43^2: 
« £fe(Sr, Ba) 2 SiO 4 :Eu 2+ fl-AV<§ ^^^-^|(al=0.1, bl=0. x=0.02)£. 4 4:£*H *#£*r# 7)14^4. 

ttH* iH^r^l 42fe, £ 2o)l 44Mm 42f 4£S- e)E.ol) u))A|4 ^ofl ^r^jLED-i £■§ 
4 tt*. 3 tfl«l BGRY^4*fl «a*>7r HW*rfc ofla.A)^x]s. ^4 ^4*fl#-g- ^<RV 4£*)| S#£*r3. 

44. £ e^lAlLEDfe, ^4£-§-7]) 4-£*)l3- 744 7}x]v\, ^ 380nm <H1 H a v ^a)al- In 

GaNT^) e42l -SLEDS. $4. °1 e^*l<dLEDS.^-Elfil 4^ 380nm°J 5-^1^ t °i7)eH^^, ^ **fl, ^ 
ff-ftfl ^^^3) **&^S«# £ 152) (a), (d), (f), (g)ofl 44-54. 

^7) ^ A J)^^), ^^^-SJ, ^^^M, %^^^^12) £W&«l-§-|- 55:14:42:24. <H)S.a)^44 o]^. 

#^=h)#* 20:80^.3. ^^^#2) 4 6 00^°-5. §H ft*£* r # 

"lit fl«l|. ^<H1 7)1 1 7.) ofl 4 f-<a$ ^j^)^^ ^aj)^|^^.s))4 a)>«7))^%^)# ^j)^^ 
»fe u s v ^-4i4(7l) l HUDt 7)14*V4. o] ^1) 1 U120112) «V£^] ^ti7fo)j $|<H4^. 3 
4* ^^^^12) *^^«)-|:* 29:26:523. $4. £. <H1^a)^)4 ^^^2) f^Hl-§-, ^ 

t^))#2) -^ )o1 i m*IHfe 7i) 1 ^Aioiis) ^j£jq ^^7)-4 4il7Wi $4. 

A o v 7l ^ 1 *)t«H ^ ^11 1 u|5I^)2) HV£Sfl e7)-2|7j LED o)) iomA» f-^H^u e42]7dLEDl- 

4H7j) <g^4. °1 u Ji^7l) #2) a^JE, DuVi CIE^itofl^S) (x. y)a, Ra, ^#2) ^ 
iflSlt-a-, £2 ^E^#A)i^(MCPD-7000:£*7K*«)3*W 3)47)1)* 0)^40) J|7f«-4. 3 S H 4 

4\H4. a 7)) l aJa)o))4 *q 1 u)jEoi)2) MVi^l ^^^V^r t*rc M J]^7)) ^2) t^s^* £. 84 £ 9°1] 4Er 
^4. S. H-M 2J- ^ al^ 44 ^o], 7)2) ^<atr ^-&£(7880~9500K), Duv(-15.6 — 8.7), ^£(x=0.290~0.30 
1, y=0.278 -0.293)2) % ^eflA^, ^. gige] ^ 1 ^4^2) a>£^)) «^4i4 ^o) ^.2. ^(4 125% 

)4 fe^ Ra(68)4 ^o)^)4. 



lit 1] 





(K) 


Duv 


X 


y 


Ra 




^1 1 ^^1^ 


8540 


-12.3 


0.297 


0.284 


68 


1803 


^ 1 tilH^ 


9500 


-11.3 


0.290 


0.278 


31 


1470 



(71) 2 ^^0))) 
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V-M^Wfl-t (Ml !- x Eu x ) 2 SiO 4 (4 Ml* Ba, Sr, Ca ^ Mg S<*4 4§]4 34^ 443 44el£-^4 
4^, x^r 0<x<l-§- 44*1 fto].}.) 3^ cls. 444^r (Ba, Sr) 2 SiO 4 :Eu 2+ 44<3 4^4*I|(M1 

=0.4Ba+0.6Sr, x=0.02)S. 44 3^4*11, 4^4*1), 3^44, 44<§ 4^4*fl2] *4^4«)-§~§- 92:3:3 
3:483. 4fe 3 21<H]^ *ll 1 4-*-H4 f-Htf ^4-°-3- 4-E31 44£4(*ll 2 44°fl)# *)I444. 44 380nm3 5- 
4314 ^7|4<HH4 av 7 i ( Bai Sr) 2 Si0 17 :Eu 2 + 44<3 4^4312] 44^«!H3-§- £ 15 o) (e)o1) q-Ef-flcf. 

H)5H- 44. *fl 2 4*M)4 f-<£ ^AjjTjl^aflsL, ^^-^|^ f^ofl 44^4*fit- 3£^j r 4 «>5L*|| ^^H^ll 

2 ulil^DS 71)444. 4 2 av £ ^)i t^^HH-il $ -squall, ^4^44, ^a^^^.^o] -^f^l-i-* 

50:29:643. 44. 

X) i 4/.|oJ|3}. nr^Ms., 47l 4£*1] 44£43 54214LED -§-4°fl 2)sfl ^^^l^ u ^^7}] 44 44.£, Duv, 
CIE^£.£«H]Aisl (x, y)4, Ra, 443 4<3)4* Jg7>44. 14# £ 2°fl 4444. £ *)) 2 47-H14 4 2 aU^S} 
4£*i] 44^47)- 44xr «J]^7i) 4s] 44^H3-§- £ 104 S. 1H 4444. a 2°1H 4 <r Xlxr 44 So], 
7\S] -§-<H4 4]45L(7880~9500K), Duv(-15.6~-8.7), ^i(x=0.290~0.301, y=0.278~0.293)3 4°fl4 
fe, 4 44 *l) 2 *UHls} 4£3] 44^4 4°l 44 4^(4 113%)4 44 Ra(86)7> £444. it *11 1 4 

*Ha) 4£*fl 44^44 ujjnLsflt, 44 444 44 Ra7 r °J<>144. 



IS. 21 





(K) 


Duv 


x 


y 


Ra 


443 
4fll4 


^1 2 4*H 


8360 


-15.6 


0.300 


0.282 


86 


2040 


ail 2 Hls^l 


8630 


-8.7 


0.294 


0.288 


66 


1810 



(*U3 4*H) 

^^^l^^^ll- (M2 !- x Eu x )(M3 !- yl Mn yl )A1 10 0 17 (4, M2=£ Ba, Sr U A Ca ?°))4 4^4 *M-£ 1 7fl3] 
44e|£-g-4 Q±, M3* Mg ^ Zn ^°114 4^14 1 7fls) x , yl* 44 0<x<l. 0<yl<0.051- 44 A 1 

^3 3W4.)3 44<il 0.3. 444tt BaMgAl 10 0 17 :Eu 2+ <4f-44°J ^-H4*fl(x=0.1, y=0:*l] 2 44 
D J4°J 3 ^4*11)3. S>Ji, ^AB^^-sfl, ^Ajj^^-^, ^-a^^^-^si i^^u|^-4 112:12:20:773. t}^ % &}o\)^ 
1 ^H2f °HV7H 2:^1 O.S. «V£^1 «Hh£7. r (*)) 3 ^l^?.^. 4^ 380nmSl ^4^)^ ^ ^^lsH^ 

2), BaMgAl 10 0 i 7 :Eu 2 + < y-^-'?l'L> < g ^4^4^)1^ ^^^e^^. £ 15 o) ( b )o|| u+Er^cf. 

^)] 1 ^ *)) 2 -M^Hlfir "H^WS, ^7]$ «V£*)1 ^^-±47r ^*r^ B ^^^l %2), 4-S:£, Duv, CIE^S^l^sl ( 
x, y)&, Ra, ^J-tfl^* ^Rlcf. 14* a 3°fl 44hH4. £ *H 3 ^^^2] «l£S)| «}-#d;44 t*f^ H^fll 

^4^^S^# £ 12°fl 44^4. S 3ol)^ °2 Sl^ 44 2°l. ^ ^•'a?!- Duv, ^£2] «J|^7)| 4 

^- 0 s Vt g^] 4* 4 3 ^^1^121 4£^l t4£4^ ^] 1 ^^0)10)1 u|*)i i 2 3%)4 Ra(92)7)- 



I S. 31 





(K) 


Duv 


X 


y 


Ra 


4^3 
^45t 


^1 3 


7880 


-9.7 


0.301 


0.293 


92 


2259 



(all 4 ^H) 

^^7)|^4>fl# (Ml j. x Eu x ) , 0 (PO 4 ) 6 C! 2 (4. Ml* Ba, Sr. Ca, ^ Mg?°f|4 -td^4 ^°]SL 1 7l)sl 
el£^# xfe 0<x<l# 4^^171^ ^21 SfOlcf.)fi) 3^4^ ^-S. 444fe (Sr, Ba) , 0 (PO 4 ) 6 CI 2 :Eu 2 + 
43-44^ ^^^4*l)(Ml=0.75Sr+0.25Ba, x=0.01)5- 4fe ^ 4°flc ^0 1 4^1°fl4 4tr44 4i*)l 
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£#4i4(*ll 4 ^^H)» 4# 380nmfi1 ^4*1^ t °WHMs], #4 (Sr, Ba) 10 (PO 4 ) 6 CI 2 ; Eu 

2 + t^.**^ ^-H^lSl tfi«lS^ £ 1521 (cH 44^1}. 

*ij 4 £#£4.7} t£>Tr U -W) #4 ^-frt, Duv, 4-£, Ra, %#s] ^^.a. 3g 7 l-$4. ;g4£ £ 

4<H] 4eMtt 44 £0.4 ^ 1 ^Alo)]^ av £ ^i *i%±7.}2\ 7)3] "A^n Q 0 )^. 





(K) 


Duv 


X 


y 


Ra ■ 


3Mr3 


^1 4 41441 


8480 


-12.2 


0.297 


0.284 


66 


1820 



(4 5^H1) 

£ 4* »i%±Z}4\ ol^-sl-aj 22}^ 5g7>$- 14°fl tflsfl ^$4. 2.2]^ 

3§7l-§- ^^10)olE^S.^, 4# 380nm2] e4al* 4 aj^HH, £4 ^^^^(NCPD^OOO^^K:*:*)^ 
4^3 4*1] )# ^l-g^M #344. 4?1 (1)~(4)21 44i*lS3 31 o] £1(4^44 <£4: 390~780nm. 4 

tftffl: 5nm)l- <>l-§-44. 

(1) BaMgAl jo O i 7 :Eu 2+ ^^^M 3 4*H1 %3l). 

(2) (Ba, Sr)MgAl ]0 O 17 :Eu 2+ , Mn 2 + tt**!^ ^^^l 1 

(3) LaO 2 S:Eu 3 + 4441" *W4*fl(*ll 1 #20. 

(4) 44^ 434a# 4fe (Sr. Ba) 2 SiO 4 :Eu 2+ 44* 44^44(*ll 1 *1aH 424 

BBA«7i] 4 44 4?l 44"3 4M$#*|7l- >£4fe % AJ M1 Si* S5LHl-§-^ 44 D HHS JM, 8000K. D 

uv =02) «|^7|) 4°1 <g<^x|£S i Aj 7 j 4444* ^^44 4444<S 44*g44 *j^#4 44<3 

%AJ)^^1 4^ ^4*fl?r <fr*Kr $4#, 4^4. ^4, 44^H3 7J-£U|1. ^^El^ ^Aj^A]^, 

ai-ajTii 42] 4^ 40144 4444. 44# a 541 4444. 



[i£ 51 



(Sr, Ba) 2 Si0 4 :Eu* 4 


^^Tfl 8000K, 
Duv=0)*J ^ -tftflSt 




100 


10% 


103 


20% 


107 


30% 


111 


40% 


115 . 


50% 


119 . 


60% 


124 - 


70% 


129 


80% 


134 



5. 5£ BaMgAl , 0 O J7 :Eu 2+ 4-t-44<3 ^jM^^fl. (Ba, Sr)MgAl 10 O , 7 :Eu 2+ , M n 2+ 4444^ 4>aj 
^4*11, LaO 2 S:Eu 3+ 4444 ^^Aflofl, (Sr, Ba) 2 SiO 4 :Eu 2+ 44* ^qg-AQt 344.2.3.<4 4M 
A %s] jl4444 4444. 34«)-§:4*)*r 4* 3 %4$4*flel 4 4 *)-§-§- #4*1 ^ 44 
*^^1- 44Mlfe 3«14. a ^^^il^^*fl, ^^?il^^» **M* ^l^^l^ ^^^1*0)1 fr*^ 
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AM**** 3 ^7M ? J°)] 44, tt£*H tftf^rS.-f'M 4 l, 4| 3. 4 4 -a*H3 4«€4* °1£ 

3lM)BKr ^°17|£ 44. 

£ 1321 (a), (b)ofl ^-7) SLSl-a« * #(<q*2£ 8000K, Duv=0)2l tt#i*|S$ <4* 44\54. £ 13 

21 (a)fe (Sr, Ba) 2 SiO 4 :Eu 2+ ffxv<8 «4|43-*M *)« 3t£H|-fr°l 5 o%°J 3°., E 130, (5)fe ^sl 
#o| 0%°J 3** 44<d!4. 

mi 6 -a*H) 

471 (D~(4)2l «§#*1H cflsfl 4 5 Di-^7H jz.a]<a« j|7>i- -S^ltr 14* a 6°)] 44M14. 

(1) BaMgAl 10 0 17 :Eu 2+ ^ol^^ 34f #*fl(*fl 3 ^Hl #20. 

(2) (Ba, Sr) 2 SiO 17 :Eu 2+ ^^^^(^] 2 *JaH #ay. 

(3) LaO 2 S:Eu 3+ 1 *J*H %2z). 

(4) 4 u o v ^2) 1^2.» £fe (Sr. Ba) 2 SiO 4 :Eu 2+ ^aV* %4)^#*fl(*11 1 *1*H1 

A 5 ^H4 n r $7}*|£, <S)AJj7)l # f^2l frA><§ ^J)<g#*fl7> <£4^ %^741 £££H)-§-# 44 D lE-)3l *r 

ol. g «!^7il #2| tftflft-g- ##44. °17H S. 6°fl 44^fe «Wl #2] tfiflite. *)1 5 *)<»-H 
(Sr, Ba) 2 SiO 4 :Eu 2+ ^^V* jg-^^H 34 35lS.«1^-<>1 0%°J 3 -ft- lOOiLS *■§: nfle) tfifla 0.3. 
44\H4. 



IS 6] 



(Sr, Ba^SiO^Eu"^ iM><3 


^(^^r£ 8000K, ; 
Duv=0)£) ^tfli 


0%(*^#*1 «*) 


120 


10% 


122 


20% 


124 . 


30% 


126 


40% 


129 


50% 


131 


60% 


134 


70% 


136 



S. 6£ % 5 ^^Hl2l 3*4 4&44S., BaMgAl i 0 0 17 :Eu 2+ ftf-ggg 3)4) ^^Ml, (Ba, Sr) 2 SiO 17 :Eu 
2+ ff4<3 4^3 LaO 2 S:Eu 3+ aM$#*H, (Sr, Ba) 2 SiO 4 :Eu 2+ ^KV<* $7} 

ttiM, U -W1 #S| al^#^7l- t>*«-4. <H^ «7 r 4-fr44fc 4-^#*fl2) £4«l-§-§- 

4ei- ##0] 44^fe 3M4. £ 347i)^#*fl» °|*44fe 

Tr'tt'S 4 A -^%*fl* el *7W*M i^e}, HV£^1 ° s v ^4s.^-e1 ji^-i- 4| 2 4*H2j ^14* 
oi^-^^s. «g$4fc S°l7|S. 

£ 142) (a), (bH 47) JLSl-iifl-fr #(4)-&.£ 8000K, Duv=0)2l t^iS|I^ ^1» 4444. £ 14 

21 (a)fe (Sr, Ba) 2 SiO 4 :Eu 2+ ^^<« «<sq$9*H 21 * 3:£al^o| 50%-?] ^-f, £ 144 (b)fe A o v 7lsl ££al 
*«>1 0%°J 44HE4. 

41?)] ^* *4fe ^^4°J-i- -y*^ ^ sa4. 



4<a^ »1* 4t?^ 
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£ t^s] *>£*H e^Sl^LEDSf, »| e^S]AiLED7> 350~410nm ^7.}$]^ ^ 

sU, 380nm °W 780nm o)Sl-2| 7M«^1 t^H* ^ 4^fi1 *g#*fl# i^fe 

#-8: 3^1?} °1 «*i*H 5a°H. <8#*8#£ 34*11**1, 

* *}#Z7\ %43] £#.2.3. SL^^4 -S-A)o)], ^ol^lfe ««^7i] %o] aJ) ^ ^oflAi -f^?V 0.3. 5] 

o)-g-^°.3*|, YAG7fl$#*1|f- °l-8-$ f^2) «V£*]] l^^r* ^f-«l T7>*rfe J2JL-M «l£*fl gtfiXW €4 



fH? i^rxr ^t*fl#* Sl^W ^0.3. ^-0.3.^, al^olnl JlRaS) ^7)) #-g- t*> 



(57) 'SSI 
1. 

350nm» 2:4*H 410nm njnVal 43-3 ej a) »£%s\3.^ t^-fr *r^r H^WS-Z-ty. A <M e*r*l 

Aj *^r*}Jl, 380nm 780nm o]s>sl 7M4^«o| tf^t £fe ^ 

*-§- t*r^ 4^s] $$-*|f- i^-SVfe 9#*l|#-§- CIE^££.°H^S] £#<Si£$(x, yW 0.21^x^0.48, 

0.19<y<0.452) *2H 9X$= b -W1 %% t«Vfe tt#£*H>H t 

^%*ll<££, 400nm ojtf 50 0nm 4#«S«M t#sl3* £fe 344)21 34413**114. 

500nm <4* 550nm ^^2) J^^-^^oQ tt*s|a* ^4413 ^S>^ ^ ?H *g #*|] 4, 600nm ©I-* 660 

nm 43-<gejo| **sqa* 3441*1 t*>^ 44413**04. 550nm <4* 600nm °l D J-2l 4* 

«844 t*3]al- £tt 44412) *4419**))# £^4fe 3* s-^i 0.3 svfe 

3^ 2. 

4 1 iH sa«H>H. 

(Sr 

l-ai-bi-x al Ca b i Eu x ) 2 SiO 4 
£ al. bl, xfe AA, 0<al<0.3, 0<bl^0.8, 0<x<l* D J^^]7lfe ^2} St^cf. 
3. 

^Wfloj ^l-l- ^-^ 5>fe ^^±74. 
(Sr i- a i-b2-x Ba al Ca b2 Eu x ) 2 SiO 4 

^ al, b2, xfe 4^, 0^al^0.3, 0^b2^0.6, 0<x<l* ^^7)^ ^s] ^0)4. 
4. 

^^7)1^^71 S}7lfi] (1) Si^r (2)21 ^^Tjl^^Ol^, ^Aj) 7j |^^| 7 ). sl 7 )o] (3) g: fe (4)0, ^tQ^^ 
OU. *>7l2] (5)21 ^j^^^^ol ^J^. S.^1^3. 

(1) Sl7|2] 0.3 M-EfM-fe ^SflS. ^S.°J^«Sf %^|. 

(Ml ,- x Eu x ) 10 (PO 4 ) 6 CI 2 
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Ml£ Ba, Sr. Ca a A Mg 51^1 3<>1£. 1 7flfi1 <y-z*ej£^ « ±, x ^r 0<x<l-g- <?H?H?lfe ^s] 



(M2 i_ x Eu x )(M3 !_ yl Mn yl )A1 10 0 , 7 

M2fe Ba, Sr 5 Ca ^H-E 1 7|] ^ ^e|S.^# Q±, M3£ Mg 5 Zn ^1^^ 3°1E 1 

711 x, yl£ ZfZf 0<x<l, 0<yl<0.05# 'jHMflfe ^2] 

(3) 5>7l2l $*H.2.3. 4EH4fe S^l-Jr ^*»iL ol*<H*lfc °^^<$i$%^. 

(M2 !_ x Eu x )(M3 !. y2 Mn y2 )A1 10 0 17 

M2*r Ba, Sr % Ca 51^ 1 7fl2| M3£ Mg S Zn ^3 3<HE 1 

7fl2] fii, x, y2^ Zf4 0<x<l, 0.05<y2<l4 ?Itt ^2} SHi*. 

(4) S>7]2] 0.3. M-EKHr W#-§- °1^^)^ ff^^^l. 
(Ml !- x Eu x ) 2 SiO 4 

£, Ml* Ba, Sr, Ca £ Mg S°1H #013 i 7 fl°] *Kte|£^ x^r 0<x<l* WWfc ^2) &o)z\. 

(5) #7121 0..3. v+Efq-fe ^*)lsL o|*<H*lfc -tV*SH-« *«B. 
(Ln i_ x Eu x )0 2 S 

<S, Ln*. Sc, Y, La $ Gd 5<HM 1 7flS) S)£f r Q±, x^ 0<x<l-8: ^S) &ojcf. 

^T 1 ^ 5. 

>0 1 01*] ^ 4 *J- f- <HH $ *J-<H1 Sfl^H. 
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